1. A low urinary magnesium was induced in normal volunteer subjects by giving cellulose phosphate; magnesium was added in vitro to yield urine samples of normal and high magnesium concentrations.
Introduction
It has been known for over 50 years that Mg2+ can increase the solubility of calcium oxalate [l, 21, presumably by forming ion pairs or complexes with oxalate ions that are then not available for precipitation by calcium. There has been a remarkable lack of agreement, however, on whether this property of magnesium does play or can play a role in preventing calcium oxalate urolithiasis in human subjects. Very high magnesium intake certainly reduces the incidence of calcium oxalate lithiasis in rats 131 and there is clinical evidence which strongly suggests that magnesium therapy prevents recurrences of calcium oxalate urolithiasis vitro 16-81 have sometimes indicated that normal concentrations of magnesium in urine can have little or no effect on the problem of calcium oxalate crystal formation, although one paper [91 clearly showed a marked reduction of calcium oxalate crystal formation by physiological magnesium concentrations.
The rapid evaporation of urine technique [lo] provides a method of studying the ability of individual substances to affect calcium oxalate crystal formation under conditions which mimic removal of water from urine in the collecting tubules of the kidney. In the present study low magnesium urine was prepared by a technique in vivo and samples were evaporated to standard osmolality with and without added magnesium.
Methods
Urine low in magnesium and calcium was prepared by feeding cellulose phosphate (5 g three times daily) with main meals to normal subjects for 4 days during which diet was normal except that oxalate-rich foods were avoided. On each of the last 2 days mid-morning and afternoon urine samples were passed into Dewar flasks. The urine was adjusted to pH 5.3 and enriched with calcium chloride so as to raise the final concentration after evaporation by 3 mmol/l. Each sample was then divided into three portions, the control and two with magnesium chloride added to give a rise of 3 and 7.5 mmol/l respectively after evaporation. The evaporation to 1050 mosmol/l was performed by use of a rotary evaporator at 37OC [lo, 111. The concentrated samples were incubated for 1 h at 37OC and then the calcium oxalate crystals formed were estimated both semi-quantitatively by micro-P. C. Hallson, G. A . Rose and S. Sulaiman scopy or fully quantitatively by an isotope technique as described previously I 1 11.
In the microscope method the urine was centrifuged at 37OC and the deposit suspended in 0-5 ml of the mother liquor and examined by microscope fitted with 37°C stage, high-power objective and graticule eye piece. Numbers of crystals per field were recorded.
In the isotope method a small amount of ['4C10xalate was added to the urine before its division into the three aliquots and the urine centrifuged after incubation. The precipitate was washed, dissolved in acid, added to scintillation fluid and the isotope radioactivity counted. If no crystals were formed on evaporation after the first day then oxalate was added to the urine on the second day to give a rise in concentration, after evaporation, of 0.22 mmol/l.
Magnesium and calcium in urine were both measured by atomic absorption flame spectrophotometry as previously reported 1121.
Results
The chemical compositions of the urine samples are shown in Table 1 . Normal mean urinary magnesium in London was found in these hospitals to be 4.87 mmo1/24 h with a mean volume of 1760 ml and creatinine content of 13-54 mmol/l [131. The 'medium magnesium' urine in Table 1 was 5.52 mmo1/14.8 mmol of creatinine, equivalent to 5.05 mmol/ 13.54 mmol of creatinine. The magnesium concentrations in the low, normal and high ranges therefore do qualify for these descriptions.
The ranges of radioactivity counts of the precipitates on the low, normal and high magnesium urines were respectively 5526-654 835, 2088-370 027 and 1942-248 987. Moreover the radioactivity count was lower from normal urine than from low magnesium urine on 13/15 samples, and lower from high than from normal magnesium urine on 14/15 samples. However, The ranges of crystal counts made in the precipitates by the microscope method for the low, normal and high magnesium urines were respectively 7-235, 6-295 and 4-98, again with clearly non-Gaussian distributions. The crystal count was lower from normal urine than from low magnesium urine on 13/15 samples, and lower from high than from low magnesium urine on all of 15 samples. In the log modes the respective high magnesium urine has been expressed as a percentage of the corresponding result for the normal magnesium urine. Results for the low and high magnesium urines then approximate to Gaussian distributions and the means and SEM are as shown. It was found by Student's f-test that in every case the P value for low against normal, and normal against high magnesium urine was (0.01.
Discussion
These results seem to prove that magnesium does reduce the incidence of calcium oxalate crystal formation in whole urine that has been subjected to the removal of water in a manner analogous to that which occurs in the collecting tubules of the kidney. Low magnesium urine yielded significantly more crystals than normal magnesium urine, whereas the high magnesium urine yielded less crystals. Whereas both the quantitative isotope and the semi-quantitative microscope methods clearly showed the same trend of results, the effect of magnesium appeared to be greater with the latter than with the former method. However, the isotope method is presumably the more accurate of the two by virtue of its truly quantitative nature. On the other hand the microscope method is useful in confirming the trend and by showing that there was no obvious change in the type of crystals formed with dflerent magnesium concentrations. These results suggest two things. Firstly, when cellulose phosphate is used to lower urinary calcium the accompanying fall in urinary magnesium can be a disadvantage and may contribute to the increased calcium oxalate crystalluria which may result [ 131. Consequently there may be a case for combining magnesium hydroxide therapy with cellulose phosphate. Secondly, although the 'high magnesium urine' in these experiments had a mean magnesium content of 9-98 mmo1/14.4 mmol of creatinine, somewhat higher than obtained therapeutically [51, the evidence here seems to strengthen the theoretical basis of magnesium therapy for calcium oxalate urolithiasis and indeed supports the recent observations on patients that such treatment does lower the rate of stone recurrence [51. The evidence that magnesium cannot be beneficial in the concentrations found in urine in vitro (see above) are based on studies in simple aqueous systems or on very dilute urine. They may have little relevance to whole urine and this may explain why results obtained here on whole urine yield different results.
